Toxic shock syndrome toxin-1 (TSST-1) is one of superantigens produced by Staphylococcus aureus. We have previously demonstrated that vaccination with non-toxic mutant TSST-1 (mTSST-1) develops host protection to lethal S. aureus infection in mice. However, the detailed mechanism underlying this protection is necessary to elucidate because the passive transfer of antibodies against TSST-1 fails to provide complete protection against S. aureus infection. In this study, the results showed that interleukin-17A (IL-17A)-producing cells were increased in the spleen cells of mTSST-1-vaccinated mice. The main source of IL-17A in mTSST-1-vaccinated mice was T-helper 17 (Th17) cells. The protective effect of vaccination was induced when the vaccinated wild type but not IL-17A-deficient mice were challenged with S. aureus. Gene expression of chemokines, CCL2 and CXCL1, and infiltration of neutrophils and macrophages were increased in spleens and livers of vaccinated mice after infection. The IL-17A-dependent immune response was TSST-1 specific because TSST-1-deficient S. aureus failed to induce the response. The present study suggests that mTSST-1 vaccination is able to provide the IL-17A-dependent host defense against S. aureus infection which promotes chemokine-mediated infiltration of phagocytes into the infectious foci.
INTRODUCTION
Staphylococcus aureus is a leading cause of human diseases in the hospital setting as well as in the community. The diseases caused by this bacterium can range from superficial skin infections to life-threatening conditions such as bacteraemia, endocarditis, pneumonia and toxic shock syndrome (TSS) (Lowy, 1998) . Infections with S. aureus are especially difficult to treat because this bacterium has evolved resistance to antimicrobial drugs. The emergence of S. aureus strains that resist to methicillin (MRSA) and other antimicrobial agents has become a major concern. Especially in the hospital environment, systemic infection of MRSA causes a high mortality rate (Klein, Smith and Laxminarayan 2007) . Toxic shock syndrome toxin-1 (TSST-1), a superantigen produced by pathogenic strains of S. aureus, is the causative agent in TSS which manifests as fever, rash, desquamation and hypotension (Rasheed et al. 1985) . Superantigens including TSST-1 directly crosslink between MHC class II molecules on antigen-presenting cells and T cell receptors (TCRs) bearing specific Vβ elements and induce high levels of pro-inflammatory cytokine production (Choi et al. 1990) . Several studies have demonstrated that a majority of MRSA strains isolated from hospitals in Japan carry the TSST-1-encoding gene (tst) (Piao et al. 2005; Zaraket et al. 2007; Hu et al. 2008) .
A mutant of TSST-1 (mTSST-1), which is generated by replacement of histidine with alanine at position 135, is non-toxic. It lacks superantigenic activity and toxicity in an animal model but still retains antigenicity to induce TSST-1-specific adaptive immunity (Bonventre et al. 1993; Bonventre et al. 1995) . Active immunization with this mTSST-1 is able to protect animals from TSST-1-induced shock, and the TSST-1-neutralizing antibodies are implicated in the protective effect Stiles, Krakauer and Bonventre 1995) . Our previous study demonstrated that subcutaneous vaccination with mTSST-1 enhances bacterial clearance in spleens and livers of mice infected with a lethal dose of S. aureus (Hu et al. 2003) . In addition, intranasal vaccination with mTSST-1 promotes the elimination of S. aureus from nasal cavities of mice (Narita et al. 2008) . Although the passive immunization with anti-mTSST-1 antibodies is able to rescue mice from lethal S. aureus infection, it fails to provide the complete protection (Hu et al. 2003) . Therefore, the protective effect on S. aureus infection by mTSST-1 vaccination cannot be explained solely by the neutralizing antibodies against TSST-1. CD4 + T cells are known to differentiate into one of several lineages of T-helper (Th) cells, including T-helper type 1 (Th1), Th2, Th17 and inducible regulatory T cell (Zhu, Yamane and Paul 2010) . These Th cells are essential for host defense against microbial threats. Although aberrant regulation of Th17 cells is involved in the pathogenesis of multiple inflammatory and autoimmune disorders, it has been demonstrated that Th17 cells play a critical role in protection against bacterial infections mediated by interleukin-17 (IL-17) production (Ouyang, Kolls and Zheng 2008; Curtis and Way, 2009 ). Ye et al. (2001) demonstrated that IL-17 is important in host resistance against Klebsiella pneumoniae infection by promoting early recruitment of neutrophils and other inflammatory cells into the site of infection. Thereafter, the importance of IL-17 in host defense has been further clarified for a variety of bacterial infections. Recently, the role of IL-17 in host defense against S. aureus infection was extensively elucidated. IL-17 is implicated in protective immunity against cutaneous infection of S. aureus and S. aureus-induced arthritis (Cho et al. 2010; Henningsson et al. 2010) . IL-17A that is produced during vaccination with recombinant N-terminus of the candidal Als3p adhesin is required for protective immunity against S. aureus and Candida albicans (Lin et al. 2009 ). We previously reported that IL-17A plays a critical role in neutrophil-and macrophage-mediated adaptive immunity against S. aureus infection when using clumping factor A (ClfA) as a vaccine (Narita et al. 2010) .
In this study, we investigated a cellular mechanism underlying the protective effect of mTSST-1 vaccination on S. aureus infection. We demonstrated that vaccination with mTSST-1 induced Th17-dependent adaptive immunity which is characterized by IL-17A-mediated neutrophil and macrophage infiltration into the infectious foci.
MATERIALS AND METHODS

Animals
C57BL/6 mice purchased from Clea Japan, Tokyo, Japan and IL-17A-deficient mice on a C57BL/6 background (Nakae et al. 2002) were used in this study. Mice were maintained under specific pathogen-free conditions at the Institute for Animal Experimentation, Hirosaki University Graduate School of Medicine. All animal experiments were carried out in accordance with the Institutional Animal Care and Use Committees (IACUC)/ethics committee of Hirosaki University.
Expression and purification of mTSST-1 and recombinant TSST-1 (rTSST-1)
Expression and purification of mTSST-1 and rTSST-1 were performed as described previously (Hu et al. 2003) . Protein concentration of each sample was determined by Bradford assay (BioRad Laboratories, Hercules, CA). The endotoxin content in the purified materials was determined by Limulus amebocyte lysate assay (Cape Cod Inc., Falmouth, MA). The endotoxin concentrations in the rTSST-1 and mTSST-1 were less than 8.6 pg μg −1 .
Bacterial strains and culture condition
Staphylococcus aureus strain 834, a clinical sepsis isolate (Nakane et al. 1995) and its derivative, TSST-1-deficient mutant ( tst) were grown in tryptic soy broth (BD Diagnosis Systems, Sparks, MD) for 15 h. The bacterial cells were harvested by centrifugation, washed with sterile phosphate-buffered saline (PBS) and diluted with PBS to appropriate cell concentrations as determined by spectrophotometry at 550 nm.
Construction of tst
Construction of tst was performed as described previously (Asano et al. 2014) . Briefly, DNA fragment containing upstream and downstream region of the tst gene was separately amplified from genomic DNA of S. aureus 834 by PCR using the following primers: TSST-1 upstream forward: 5 -GAATTCGGTAGGACATTTAATTCTGG-3 and reverse: 5 -GGTACCAAGCAAAGGGCTTACG-3 , downstream forward: 5 -GGTACCTACAATACTGAAAAACCACC-3 and reverse: 5 -AAGCTTAAGTTGTGGTCAAACG-3 . Both PCR products were cloned into pAULA plasmid containing tetracycline resistant gene at EcoR1-Kpn1 and Kpn1-Hind3 site, respectively. The plasmid was then introduced into S. aureus strain 834 by electroporation. The transformants were cultured at nonpermissive temperature of growth to force the integration of plasmid into genomic DNA. Deletion of tst gene was selected from tetracycline-sensitive colonies. Deficiency of tst gene and TSST-1 production were confirmed by PCR and Western blotting, respectively.
Vaccination and S. aureus infection
For vaccination, purified mTSST-1 was diluted in PBS and emulsified 1:1 in alum adjuvant (Pierce, Rockford, IL). Five-to-eightweek-old wild-type and IL-17A-deficient mice were subcutaneously injected with 200 μL of the emulsion containing 10 μg of mTSST-1 or PBS as a control on days 0, 14 and 28. To determine the survival rate after S. aureus infection, wild-type and IL-17A-deficient mice were infected with 1 × 10 8 CFU per mouse of S. aureus intravenously on day 7 after the final vaccination. Mice were monitored for 14 days for survival. To estimate bacterial number and cytokine expression in the organs, wild-type and IL-17A-deficient mice were challenged with 5 × 10 7 CFU per mouse of wild-type S. aureus or tst on day 7 after the final vaccination. Number of viable S. aureus in the organs was enumerated by preparing organ homogenates in PBS and plating 10-fold serial dilutions on tryptic soy agar (BD Diagnosis System). Colonies were counted after 24 h of incubation at 37
• C.
Cell culture
Spleens were collected from mice on day 7 after the final vaccination. Spleen cells were obtained by squeezing the spleen in RPMI 1640 medium (Nissui Pharmaceutical Co., Tokyo, Japan) and filtering the cells through stainless steel mesh (size, 100). Erythrocytes were lysed with 0.85% NH 4 Cl. After washing 3 times with RPMI 1640 medium, the cells were suspended at the concentration of 2 × 10 6 cells mL −1 in RPMI 1640 medium supplemented with 10% fetal calf serum (JRH Biosciences, Lenexa, KS), 1% L-glutamine (Wako Pure Chemical Industries, Osaka, Japan), 100 U mL −1 of penicillin G and 100 μg mL −1 of streptomycin and were inoculated into a 24-well culture plate. For cytokine assays, the spleen cells were incubated at 37
• C with 0.1 μg mL
of rTSST-1 or mTSST-1. The culture supernatants were collected 48 h later and stored at −80 • C until the cytokine assays were performed.
Cytokine assays
IFN-γ , IL-4 and IL-17A were quantified by double-sandwich enzyme-linked immunosorbent assay (ELISA). IFN-γ was quantified as described previously (Nakane et al. 1995) . IL-4 and IL-17A were quantified using IL-4 Mouse Antibody Pair (Invitrogen, Carlsbad, CA) and IL-17 ELISA Kit (Bender MedSystems GmbH, Vienna, Austria), respectively.
Intracellular cytokine staining and flow cytometric analysis
Spleen cells were stimulated with 50 ng mL 
Real-time quantitative RT-PCR
Total RNA from cultured cells and mouse organs was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. First-strand cDNA synthesis was carried out using 1 μg total RNA, random primers (Takara, Shiga, Japan) and Moloney murine leukemia virus reverse transcriptase (Invitrogen). Gene expression levels were determined by quantitative real-time PCR analysis using the SYBR Green Supermix (BIO-RAD Laboratories). The primers and cycling conditions are listed in Table 1 . The expression was analyzed as the relative expression compared to that of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Ikejima et al. 2005) .
Histological and immunohistochemical analysis
Spleen and liver tissues were fixed with 10% phosphate-buffered formalin, embedded in paraffin and sectioned at 4 μm. For immunohistochemistry, deparaffinized sections were immunostained by the avidin-biotin-peroxidase complex (ABC) method using a Vectastain ABC kit (Vector, Burlingame, CA). The sections were incubated with rat anti-mouse neutrophil mAb Ly-6G (diluted 1:20 Hycult Biotechnology Uden, Netherlands) or rat antimouse macrophage F4/80 mAb (diluted 1:100; Serotec Product Oxford, UK) overnight at 4
• C. The color reaction was developed by the addition of diaminobenzidine and then the counterstaining was performed with hematoxylin. Macrophage density was determined by counting the F4/80-positive cells in 10 random high-power (×400) fields of each section.
Myeloperoxidase (MPO) assay
MPO assay, an index of tissue neutrophil levels, was performed as described previously (Jeyaseelan et al. 2004) . One unit of MPO activity is defined as the degradation of 1 mmol of peroxide per min, which gives a change in absorbance of 1.13 × 10 −2 min −1 (Hobden et al. 1997) .
Statistical analysis
Data are expressed as median ± interquartile range. Statistical analyses were performed by Mann-Whitney U-test. For survival experiments, the Kaplan-Meier method was used to obtain survival fractions, and the significance was determined by a log rank test. P < 0.05 was considered significant.
RESULTS
Vaccination with mTSST-1 induces IL-17A production in spleen cells
Mice were subcutaneously vaccinated with mTSST-1 or PBS as a control on days 0, 14 and 28. The spleens were collected after 7 days of the final vaccination. The cells were stimulated with rTSST-1 or mTSST-1, and the production of Th1-, Th2-and Th17-type cytokines was assessed. rTSST-1 induced a large amount of IFN-γ in the spleen cells of both vaccinated and nonvaccinated mice. In contrast, the IFN-γ production induced by mTSST-1 stimulation was low (Fig. 1) . IL-4 production was detected in neither group of mice (data not shown). IL-17A production from the vaccinated mice was significantly augmented by stimulation with rTSST-1. Although the IL-17A production . The spleen cells of both groups of mice were prepared after 7 days of the final vaccination and incubated with rTSST-1 or mTSST-1. Concentrations of IFN-γ and IL-17A in the culture supernatants were determined by ELISA. Data are expressed as the median ± interquartile range of a group of six to eight mice from two independent experiments. An asterisk represents a statistically significant difference from the non-vaccinated group at P < 0.05.
induced by mTSST-1 was lower than that by rTSST-1, this cytokine production from vaccinated mice was also augmented significantly ( Fig. 1) . These results suggested that IL-17A-producing cells might be induced by vaccination with mTSST-1.
Th17 cells are increased by vaccination with mTSST-1
Although IL-17A is mainly produced by a CD4 + helper T cell subset known as Th17 cells, TCRγ δ cells which play a role in innate immunity are also an important source of IL-17A. Thus, we examined cellular sources of IL-17A induced by vaccination with mTSST-1. The spleen cells were prepared on day 7 after the final vaccination and stimulated with PMA and ionomycin. Then, their surface expression of CD4 and intracellular IL-17A production were analyzed. The IL-17A-producing CD4 + T cell population was increased in the mTSST-1-vaccinated mice compared with that in the non-vaccinated mice. In contrast, the frequency of IFN-γ -producing CD4 + T cells was similar between both groups of mice ( Fig. 2 and Fig. S1 , Supporting Information).
Next, the population of IL-17A-producing TCRαβ T cells and TCRγ δ T cells in the spleen cells was analyzed. IL-17A-producing TCRαβ cell population in the vaccinated mice was larger than that in the non-vaccinated mice. In contrast, the population of IL-17A-producing TCRγ δ cells was comparable between the vaccinated mice and the non-vaccinated mice ( Fig. 2 and Fig. S1 , Supporting Information). These results suggested that IL-17A was mainly produced by Th17 cells in the mTSST-1-vaccinated mice.
IL-17A is indispensable to the protective effect of mTSST-1 vaccination
It has been reported that IL-17A plays an important role in protection from S. aureus infection. Hence, we investigated whether IL-17A is involved in the protective effect of vaccination with mTSST-1. Wild-type and IL-17A-deficient mice were vaccinated with mTSST-1 and challenged with 1 × 10 8 CFU of S. aureus on day 7 after the final vaccination, and their survival rates were monitored. Survival of the vaccinated wild-type mice was 50%, whereas the rate of vaccinated IL-17A-deficient mice was 8% on day 14 after challenge. All non-vaccinated wild-type mice died within 6 days, and all non-vaccinated IL-17A-deficient mice died within 8 days after infection (Fig. 3A) . The bacterial number in the spleens and livers was determined on day 3 after infection with 5 × 10 7 CFU of S. aureus. The bacterial number in the organs of mTSST-1-vaccinated wild-type mice was significantly less than those in non-vaccinated wild-type animals. Similarly, the bacterial growth in the organs of mTSST-1-vaccinated wildtype mice decreased compared with vaccinated IL-17A-deficient mice. In contrast, bacterial counts in the mTSST-1-vaccinated IL-17A-deficient mice were comparable to those of non-vaccinated mutant animals (Fig. 3B) . Next, we used tst for infection to investigate whether the protective effect of mTSST-1 vaccination is elicited by TSST-1 produced during S. aureus infection. In the preliminary data, growth of tst in culture medium was similar to that of wild-type S. aureus and bacterial counts in the spleens, livers and kidneys of mice infected tst were comparable to those of mice infected with wild-type S. aureus in nonvaccinated mice (data not shown). When challenged with 5 × 10 7 CFU of tst, the bacterial elimination in the spleens and livers of the mTSST-1-vaccinated wild-type mice was not enhanced, compared with the non-vaccinated group (Fig. 3C ). These Data are expressed as the median ± interquartile range. An asterisk represents a statistically significant difference from the non-vaccinated group at P < 0.05.
results suggested that IL-17A, which is produced in the response to TSST-1, played a crucial role in the protective effect of mTSST-1 vaccination.
IL-17A expression is upregulated in the organs of mTSST-1-vaccinated mice after S. aureus infection
We investigated whether IL-17A mRNA expression is upregulated in mTSST-1-vaccinated mice after infection with S. aureus. mTSST-1-vaccinated and non-vaccinated mice were infected with S. aureus on day 7 after the final vaccination. IL-17A and IFN-γ mRNA expression in the spleens and livers of these mice was determined at 12 h after infection. IL-17A but not IFN-γ mRNA expression was increased in the spleens and livers of vaccinated mice, compared with the non-vaccinated mice (Fig. 4A) .
To investigate whether upregulated IL-17A mRNA expression is induced in the TSST-1-specific manner, IL-17A mRNA expression was estimated in mice infected with tst. tst failed to induce IL-17 mRNA expression irrespective of vaccination (Fig. 4B) . These results suggested that upregulated IL-17A mRNA expression was induced by TSST-1-specific immune response during S. aureus infection.
Chemokine expression is enhanced in the organs of mTSST-1-vaccinated mice after S. aureus infection
It is well known that IL-17A promotes the expression of neutrophil-and monocyte-recruiting chemokines (Tekstra et al. 1999; Ye et al. 2001; Gaffen, 2008) . Therefore, we investigated whether IL-17A produced in mTSST-1-vaccinated mice induces mRNA expression of chemokines including CCL2, CXCL1 and CXCL2. The expression of CCL2, CXCL1 and CXCL2 mRNA was upregulated in the spleens (Fig. 5A ) and CCL2 and CXCL1 mRNA expression was augmented in the livers (Fig. 5B ) of vaccinated wild-type mice at 24 h post infection. To elucidate whether IL-17A is required for the chemokine expression, chemokine responses in the vaccinated IL-17A-deficient mice were investigated. Increase of the chemokine mRNA expression was not observed under IL-17A deficiency ( Fig. 5A and B) .
Recruitment of phagocytes is enhanced in the organs of mTSST-1-vaccinated mice
Histological analysis was carried out to evaluate recruitment of neutrophils and macrophages in the organs of mTSST-1-vaccinated mice because CCL2, CXCL1 and CXCL2 elicit an effective recruitment of phagocytes (Molne, Verdrengh and Tarkowski 2000; Gaffen, 2008; Thurlow et al. 2011) . The spleens and livers of mTSST-1-vaccinated and non-vaccinated mice were stained with anti-Ly6G antibody to assess infiltration of neutrophils at 24 h after S. aureus infection. In wild-type mice, the prominent neutrophil infiltration was shown in the spleens (Fig. S2A , Supporting Information) and livers (Fig. S2B , Supporting Information) of mTSST-1-vaccinated mice compared with that in the non-vaccinated mice. To assess neutrophil infiltration objectively, MPO assay as a quantitative assessment of neutrophil infiltration was performed. The activity in the organs of mTSST-1-vaccinated mice was higher than that in the The bacterial number in the spleens and livers of the vaccinated (open box) and the non-vaccinated mice (shaded box) was determined on day 3 after infection with 5 × 10 7 CFU of wild-type S. aureus (B) or tst (C). Each result represents a group of six mice from two independent experiments. Data are presented as box plots, with the boxes representing the interquartile range. The median value is represented by the line across each box. An asterisk represents a statistically significant difference between the indicated groups of mice at P < 0.05, ns: not significant.
non-vaccinated mice (Fig. 6A) . To assess macrophage infiltration, the spleen cells of mTSST-1-vaccinated and nonvaccinated mice were stained with FITC-conjugated anti-F4/80 antibody and analyzed by flow cytometry. F4/80 + macrophages were increased in the spleens of mTSST-1-vaccinated mice (Fig. 6B) . The enhancement of macrophage infiltration was also observed in the livers of mTSST-1-vaccinated mice by histological analyses (Fig. 6C and Fig. S2C , Supporting Information). In contrast, the enhanced recruitment of neutrophils and macrophages into the organs was not observed by mTSST-1-vaccination in IL-17A-deficient mice ( Fig. 6A and C) . These results showed that mTSST-1 vaccination promoted IL-17A-mediated recruitment of neutrophils and macrophages into the infectious foci, suggesting that mTSST-1-specific IL-17A production is crucial in host resistance against the challenge with S. aureus.
DISCUSSION
Vaccination with mTSST-1 reportedly leads to the protection from TSST-1-mediated shock via TSST-1-neutralizing antibodies Stiles, Krakauer and Bonventre 1995) . We previously reported that subcutaneous vaccination as well as intranasal immunization with mTSST-1 improves survival rates and reduces bacterial counts in the spleens and livers of mice infected with a lethal dose of S. aureus (Hu et al. 2003; Narita et al. 2008) . In the previous study, although the passive immunization with anti-mTSST-1 antibodies protects naïve mice from lethal S. aureus infection, the protective effect of passive immunization is inferior to that of active immunization with mTSST-1 (Hu et al. 2003) . The result evoked another possible mechanism that is involved in the protective effect of mTSST-1 vaccine. Therefore, we investigated this possibility in the identical condition as our previous report. Consequently, the present study demonstrated that mTSST-1 vaccination induces IL-17A-dependent protection against S. aureus infection in addition to humoral immunity. Pathogen-activated antigen-presenting cells induce activation and differentiation of naïve CD4 + T cells into Th cells including Th1, Th2 and Th17 cells. In this study, induction of IFN-γ and IL-17 by rTSST-1 stimulation of spleen cells from both non-vaccinated and mTSST-1-vaccinated mice was due to its superantigenic activity. In contrast, mTSST-1 failed to induce these cytokines from the non-vaccinated mice. This may be due to lack of superantigenic activity of mTSST-1 (Hu et al. 2003) . The same level of IFN-γ was induced by rTSST-1 in the nonvaccinated and mTSST-1-vaccinated mice, whereas IFN-γ production was not induced by mTSST-1 in either group, suggesting that mTSST-1-vaccination did not skew Th1 response. On the contrary, IL-17 production was significantly upregulated by rTSST-1 and mTSST-1 in the mTSST-1-vaccinated mice. These results suggest that mTSST-1 vaccination can induce Th17 response. IL-17A production was increased in CD4 + T and TCRβ + T cells in the spleen cells from mTSST-1-vaccinated mice compared with those of non-vaccinated animals. These results suggest that vaccination with mTSST-1 may induce differentiation of naïve CD4 + T cells to Th17 cells and these Th17 cells are a main source for IL-17A production. In addition to Th17 cells, TCRγ δ T cells are known to be important cellular sources of IL-17 during bacterial infections (Dieli et al. 2003; Cho et al. 2010; Cheng et al. 2012) . Murphy et al. (2014) recently reported that memory γ δ T cells, which had been induced in peritoneal cavities and mediastinal lymph nodes of mice by intraperitoneal infection with S. aureus, produces high levels of IL-17 and mediates an enhanced bacterial clearance upon reinfection with the bacterium. In our hands, TCRγ δ T cells were not main IL-17A-producing cells in the mTSST-1-vaccinated mice.
IL-17 has been reported to be critical for host defense against S. aureus infection (Lin et al. 2009; Cho et al. 2010; Henningsson et al. 2010; Narita et al. 2010; Cheng et al. 2012; Murphy et al. 2014) . Therefore, the role of IL-17A in the protection against S. aureus infection by mTSST-1 vaccination was investigated using IL-17A-deficient mice. Vaccination with mTSST-1 improved survival rate and reduced bacterial burden in the spleens and livers of mTSST-1-vaccinated wild-type mice, whereas the protective effect was not observed in IL-17A-deficient mice, suggesting that IL-17A plays a critical role in the protective effect of mTSST-1 vaccination. We investigated whether bacterial clearance in the organs is induced by antigen-specific immune response to TSST-1 secreted by S. aureus during infection. Upregulation of IL-17A expression in the organs and the protection against S. aureus infection were not elicited when the vaccinated mice were infected with tst, suggesting that the protective effect of mTSST-1 vaccination is dependent on TSST-1 produced during S. aureus infection.
Our previous study demonstrated that vaccination with the fibrinogen-binding domain of ClfA induces IL-17A-producing cells and the IL-17A-mediated recruitment of neutrophils and macrophages into the infectious foci is critical in the protective effect on S. aureus infection (Narita et al. 2010) . IL-17 induces the production of chemokines in the site of infection (Tekstra et al. 1999; Ye et al. 2001; Gaffen, 2008) , and the produced chemokines elicit a recruitment of neutrophils and macrophages that are crucial for the elimination of S. aureus (Molne, Verdrengh and Tarkowski 2000; Gaffen, 2008; Thurlow et al. 2011) . In this study, CCL2, CXCL1 and CXCL2 mRNA expression in the spleens and CCL2 and CXCL1 mRNA expression in the livers were upregulated, and infiltration of neutrophils and macrophages was enhanced in both organs of mTSST-1-vaccinated wild-type mice but not IL-17-deficient mice during S. aureus infection. These results indicate that IL-17A may upregulate chemokine mRNA expression and enhance recruitment of phagocytes into the infectious foci to resolve S. aureus infection. The IL-17-mediated protective effect should be achieved in the response to TSST-1 because it is likely that recognition of TSST-1 but not other pathogen-related antigens occurred in mTSST-1-vaccinated mice during S. aureus infection.
In this study, we demonstrated that vaccination with mTSST-1 induces Th17 cells and that IL-17A elicits the protective effect against S. aureus infection in mice. These findings would be useful for development of IL-17A-mediated new therapeutic and prophylactic strategy against infectious diseases.
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